The role of frugivorous birds in dispersal of the seeds of fleshy-fruited plants is well understood, but other groups of birds like granivores and omnivores can also act as vectors, especially in the process of non-standard dispersal. In this study we examined the role of two widely distributed birds (the Eurasian Blackbird, Turdus merula, and the Black Redstart, Phoenicurus ochruros) in seed dispersal. We analyzed the content of 279 droppings of the Black Redstart collected between July and October and 85 droppings of the Eurasian Blackbird collected during January. In total we found 366 seeds, representing 11 plant taxa, in the faecal samples; 93% of the seeds belonged to fleshy-fruited species. The most numerous were two native taxa, Sambucus racemosa/nigra, in summer and autumn, Crataegus monogyna in winter, and one alien species Morus alba, which is dispersed in summer. We also found seeds of four dry-fruited species; the most interesting of which was the presence of anemochorous seeds of Solidago gigantea (a highly invasive alien species). The seeds were found only in droppings of the Eurasian Blackbird. Considering the obtained results the need for further studies on bird-plant interactions should be a priority.
Introduction
Movement of organisms plays a great role in determining the fate of individuals and the dynamics of populations, communities and ecosystems [1] . Dispersal plays the most important role in the colonization of new habitats, including the spread of alien species and the maintenance of diversity with implications for succession, regeneration and conservation [2, 3] . Variation in dispersal agents and processes can be important at different spatial scales [4] and the movement of the disperser determines the pattern of seed shadow, subsequent germination and plant establishment within natural habitats and human transformed landscapes [5] [6] [7] . Endozoochory is one of the most effective and widely distributed dispersal modes: frugivores and granivores influence regeneration cycles of more than half of plant species [3] . Birds are effective seed dispersers within many ecosystems, both in temperate and tropical regions of the world [8] [9] [10] . The role of frugivorous birds in the dispersal of fleshy-fruited species is widely recognized [11, 12] . Moreover, many plant species with dry fruits (e.g. anemochorous trees) can be dispersed by birds at larger spatial and temporal scales [13] . The process of dispersal with a vector, which cannot be linked to seed or fruit morphology, is called non-standard [3, 14] . Different groups of birds can act as a vectors in non-standard dispersal: omnivores, e.g. the Emu, Dromaius novaehollandiae, and the Rook, Corvus frugilegus [15, 16] and granivores, e.g. the Grey Partridge, Perdix perdix [17, 18] . Moreover, generalist feeders with a diverse diet (e.g. the Rook or gull species), despite the fact that they consume fruits and seeds more sporadically [16, 19] , are capable of differentiated seed pool dispersion and play an important role as seed dispersers. In the case of a widely distributed and abundant bird species the effect is magnified by population density [20, 21] .
In this study we wanted to investigate the role of two widely distributed bird species with diverse diet (Black Redstart, P. ochruros, and Eurasian Blackbird, T. merula) in seed dispersal of different groups of plant species (fleshy-fruited and dry-fruited; alien and native) during the months of summer, autumn and winter.
The Black Redstart and the Eurasian Blackbird are widely distributed in the western Palearctic, where they are associated with human settlements and woodland, including woody vegetation growing in noncropped habitats within agricultural landscapes [22] . Both species belong to the group of birds recognized as facultative frugivores (sensu Herrera [23] ), with diet switching from animal to plant material along with the availability of fruits in the environment [22, 24, 25] . Plant diet of both species is based on the fleshy fruits of many plant species, including invasive taxa [10, 22, 24] . However, most studies on their role in the dispersal of fleshy-fruited plants have been conducted in southern Europe [7, 8, 23] . Similar studies completed in central and northern Europe are scarce and the current dramatic loss of biodiversity within European agricultural landscapes, caused by the spread of invasive plant species in noncropped habitats, implies an urgent need of studies on plant-frugivore interactions [7] [8] [9] 26 ].
Experimental Procedures
Bird droppings were collected from the countryside of south-western Poland. In all cases the collection of droppings was preceded by observation of birds to ensure that droppings belonged to that particular species. Faecal samples of the Black Redstart (N=279) were collected at roosting sites during summer and autumn between July 2008 and October 2009 (44 droppings in July, 164 in August, 34 in September and 37 in October). These were the months when the species were present in the study area. The roosting sites of the Black Redstart were located in and around buildings, e.g. in barns, stacks of stones and bricks, agricultural machines and other artificial habitats linked with human activity. Vegetation within a 100 m radius of all sites was composed mainly of fruit tree species including apple (Malus domestica), pear (Pyrus communis), plum (Prunus spp). and sweet cherry (Prunus avium). Common pine (Pinus silvestris) and a few species of shrub, including both native and exotic ornamental species, e.g. black elder (Sambucus nigra), red elder (S. racemosa), European bird cherry (Prunus padus), blackthorn (Prunus spinosa), hawthorn (Crataegus sp.) and bramble (Rubus sp.) were also present. A more detailed description of habitat and diet composition of the Black Redstart based on the analysis of droppings was described in [25] . The Black Redstart is a short-distance migrant, which leaves its breeding sites in northern and central Europe in late autumn [22] .
Droppings of the wintering Eurasian Blackbird T. merula (N=85) were collected in January 2009 at sites located under hedgerows (mainly common hawthorn, Crataegus monogyna) at the border of an abandoned meadow (with ruderal plant associations dominated by Solidago sp. and Tanacetum vulgare) and broad-leaved woodland in the Odra Valley near Wrocław (south-west Poland).
All faecal samples were dried and stored at room temperature (ca. 20ºC). Due to the differences in the structure of faeces of the Black Redstart (seeds were easy to separate from the rest of the dropping content) and the Eurasian Blackbird (seeds were surrounded with fruit pulp that made it difficult to separate seeds) we applied two different methods for separation of intact seeds. In the case of the Black Redstart, we analyzed dry droppings which were disaggregated before the analysis. Faeces of the Eurasian Blackbird were soaked with water in Petri dishes for a ca. 10 minutes. Both dry and soaked droppings were analysed under 10× or 50× magnification and all intact seeds (without any changes in the structure of seed coat) were separated and identified. The term "seed" is used throughout the article to refer to dry fruits and seeds of fleshy-fruited species.
In order to limit the negative influence of storage condition on the germination ability of seeds we conducted the germination test in a greenhouse (temperature ca. 20ºC, light 12 h) immediately after retrieval of seeds from the analyzed droppings. All seeds were sown into pots filled with garden soil. Seeds retrieved from the droppings of the Black Redstart were sown in autumn 2008 and 2009, and observations lasted 90 days. Seeds from the droppings of the Eurasian Blackbird were sown in late winter (February) 2009 and were also observed for 90 days. Due to prolonged dormancy characteristic of seeds of the common hawthorn, Crataegus monogyna [27] , the germination ability of these seeds was checked through the next two years, up to April 2011 (three main vegetation growing seasons). Pots were watered during the whole vegetative season and left in an unheated greenhouse between November and March.
As different numbers of droppings were collected in subsequent months, in some cases data were expressed as mean values per 100 droppings of faeces (=100 dispersal events) to make comparisons between subsequent months easier. We also compared the share of alien and native plants in the total number of seeds found in droppings and in the germinated seed pool using the chi-square (χ 2 ) likelihood ratio test. The null hypothesis was that there was no significant difference in the germination of native and alien plants retrieved from faecal samples.
Results
We found 366 seeds representing 11 plant taxa in the faecal samples. Among these, 220 intact seeds of six plant taxa (species or genus) were present in the droppings of the Black Redstart (Table 1 ) and 146 seeds representing five taxa were present in the droppings of the Eurasian Blackbird ( Table 2 ). The total number of intact seeds was 17 (39 per 100 droppings) in July, 156 (96 per 100 droppings) in August, 42 (124 per 100 droppings) in September, 5 (13 per 100 droppings) in October and 146 (171 per 100 droppings) in January. The majority of seeds found (93%) belonged to taxa with fleshy fruits but seeds of four dry-fruited species: two barochores Rumex acetosella and Fallopia convolvulus; and anemochorous Solidago gigantea and epizoochorous Torilis japonica, were also found (Tables 1-2) .
The study also detected dispersed seeds of alien species. Seeds of two fleshy-fruited alien species (Morus alba and Viburnum lantana) were found in the droppings of the Black Redstart and one dry-fruited alien species adapted to wind-dispersal (S. gigantea) was present in the faeces of the Eurasian Blackbird. rates were low (Table 3) . It is worth emphasizing that no seeds of Crategus monogyna germinated, despite a lengthened observation time. The germination test showed that seeds of alien species dispersed by the studied bird species germinated more often than native seeds, constituting over 60% of the total germinated seeds although their proportion in the total number of seeds found in droppings was only 8.7% (Table 4 ).
Discussion

Facultative frugivores confirm the existence of a continuum between seed predators and seed dispersers
For a long time frugivory was examined as a mutual interaction between animals and plants, while granivory was viewed as an antagonistic one [28] . Heleno et al. [20] suggested the existence of a continuum between seed predators and seed dispersers, with granivores and frugivores representing opposing ends of the continuum. Our study confirms their findings, the studied facultative frugivores can act as a dispersal vector of seeds of dry-fruited (usually consumed by granivores) and fleshy-fruited plants (usually dispersed by fruit-eaters). The majority of seeds found in the droppings represent fleshy-fruited species (93% of seeds, 7 taxa) but dry-fruited species (4 taxa) were also consumed and transported by both studied birds. Heleno et al. [20] also stated that the Blackbird can be a vector for both types of diaspores. They found grains of Holcus lanatus (Poaceae) and cypselas of Conyza bonariensis (Asteraceae) in the droppings of this bird species. There is no doubt that fleshy fruits were actively acquired by the studied birds (classification of seed acquisition according to Stiles [28] ), and that the fleshy parts of fruits were eaten. The presence of dry fruits in the faeces may suggest two possible explanations. The first one is that we observed a case of an active acquisition, as dry fruits can act as a food source and some can avoid digestion. It is also possible that they are ingested incidentally with other kinds of food (passive acquisition), as it was observed in the case of gulls [19] . Not only frugivorous but also granivorous and omnivorous species can act as seed dispersers of dry-fruited species, but in the case of granivores the majority of seeds are destroyed. For example, only 0.23% of ingested seeds of Amaranthus retroflexus passed through the gut of the Grey Partridge, P. perdix, undamaged and were able to germinate [17] . The probability of seed dispersal by granivorous birds may be related to the large number of small seeds consumed, which is a function of seed availability in the environment [30] . Adaptation strategies required to survive the ingestion and transport through the gut are similar to those needed to create a persistent seed bank in the soil, e.g. low mass and near spherical compact shape [31, 32] . According to Thompson et al. [33] , seed mass lower than 3 mg and a variance of three seed dimensions (length, width and height) smaller than 0.14 strongly suggested the probable persistence of seeds 
Dispersal of alien plants as a consequence of the plant-frugivore interaction
Vertebrates, mainly birds, are thought to be very effective dispersal vectors of many alien species, but in most cases it was the dispersal of fleshy-fruited invasive plants that was studied [20, 34, 35] . We found diaspores of three alien species in droppings, two of which were fleshy-fruited (M. alba and V. lantana) and one was dry-fruited (S. gigantea). Solidago gigantea, which was present in the droppings of the Blackbird, is treated as highly invasive in most European countries, according to the European Network on Invasive Alien Species NOBANIS (www.nobanis.org). Following review of the literature, we believe our results are the first evidence of the internal transport of S. gigantea seeds by birds. Seeds of S. gigantea are light and so usually wind-dispersed, birds are important mainly for long-distance dispersal and colonization of new sites [36] . Endozoochorous transport of anemochorous seeds of S. gigantea can be classified as non-standard dispersal [14] and it is probably a way of intensifying species dispersal. Yet, the frequency that it occurs naturally is unknown and so the problem needs further study. Solidago gigantea forms an aerial seed bank during winter [37] , thus prolonging both the time when seeds are available for many groups of bird species and in consequence the probability of being dispersed by them. The droppings of the Black Redstart contained numerous intact seeds of naturalized southern-European M. alba. Morus alba (similar to other Morus sp.) has large multi-seeded fleshy fruits. They are often ingested and seeds emerge intact after the passage through the digestive tract of frugivorous birds [38] . This species is treated as non-invasive (according to NOBANIS, www.nobanis.org), but it is difficult to predict future changes in abundance and dispersal ability. Another naturalized species treated as non-invasive was Juglans regia, but during the past two decades the species became invasive in Poland after a long lasting lag-phase. The recent spread of J. regia can be linked to changes in land use (abandonment) and alterations in the behavior of the dominant disperser, the Rook [39] .
In conclusion, our results suggest that low germinability of seeds of native fleshy-fruited species, which are major components of vegetation of abandoned, non-cropped habitats in Central and Northern Europe, especially when compared to alien species, implies the need for further studies on the role of birds in the dispersal of diverse plant groups. Moreover, considering the ability of different groups of birds to disperse viable seeds of many plants, including invasive taxa [10] , the need for further studies on bird-plant interactions should be underlined.
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